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VXQLYHUVDOODZRIJUDYLW\>@WKHDWWUDFWLRQ
RIWKHPDJQHWLFIRUFHFDQEHVLPXODWHGXVLQJ(TXDWLRQWKLVLVEHFDXVHHDFKSDUWLFOHLQWKHXQLYHUVHH[HUWDJUDYLWDWLRQDO
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RQHDFKRWKHUSDUWLFOH:KHUH*LVJUDYLWDWLRQDOFRQVWDQW[1PNJ0DQG0LVWKHPDVVRIWKHREMHFW
DQGUHVSHFWLYHO\DQG/HQJWKLVWKHGLVWDQFHEHWZHHQWZRREMHFWV



/HQJWK
00*)0 =


  :KHUH

FRV θ×××−+= /HYHU/HYHU/HQJWK 


D  E 

)LJD0DJQHWFRQWURO/HQJWKDQGĮDQGE0DJQHWFRQWURO)RUFHVDQGȕ

7RVLPSOLI\WKHDOJRULWKP0DQG0DVVXPHGWREHRQH7KXVWKHQHZUHVXOWLQJ)0LVDVIROORZ



/HQJWK*)0 = 

(TXDWLRQUHSUHVHQWVWKHDWWUDFWLRQEHWZHHQWZRREMHFWV7RLPSOHPHQWWKHPDJQHWLFDWWUDFWLRQDQGUHSXOVLRQXVLQJD
'&PRWRUDUHSUHVHQWDWLYHYDOXHZLOOEHFDOFXODWHGWRIHGWRWKHPRWRUFDOOHGDV0DJQHW&RQWUROWKHHTXDWLRQLVDVIROORZ

/HYHU)URO0DJQHW&RQW ×= 
:KHUH

FRVβ×= 0)) 

°−= αβ 

¸¸¹
·
¨¨©
§
××
−+
= /HQJWK/HYHU
/HQJWK/HYHU

DUFFRV

α


+DSWLF.QRE*8,

)LJDDQGEVKRZWKH+DSWLF.QRE*8,GHVFULSWLRQV$OOYDULDEOHVWRFRQWUROWKHKDSWLFNQREZLOOEHWUDQVIHUUHGIURP
WKH*8,WR$UGXLQR0HJDZKHQHYHUWKHUHDUHFKDQJHVWRWKHVHYDULDEOHVDWWKH*8,$WWKH$UGXLQR0HJDWKHVHYDULDEOHV
ZLOOEHXVHGLQWKHFRQWURODOJRULWKPWKDWZLOOEHUXQHYHU\PVXQGHULQWHUUXSWSRZHUHGURXWLQHIRUVWDEOHSURFHVVLQJUHVXOW
DQGWKHRXWSXWRIWKH0RWRU&RQWUROYDOXHZLOOEHIHGWRWKH0RWRU3:0

Į
0 0
0 0
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9LUWXDO5HDOLW\6HWXS9DULDEOH

8QGHU9LUWXDO5HDOLW\6HWXSWKHUHDUHIHZYDULDEOHVWKDWDUHFRQILJXUDEOHXQGHUWKH*8,ZKLFKDUH:HLJKW6HWXS/HYHU
OHQJWK RI WKHPDVV OHVV URG:DOO7KLFNQHVV0DLQ0DJQHW0DJQHW1RUWK 3ROH0DJQHW1 DQJOH0DJQHW 6RXWK3ROH
0DJQHW6DQJOH

&RPPXQLFDWLRQ%HWZHHQ/DSWRS3&DQG$UGXLQR0HJD

$UGXLQR0HJDFRPPXQLFDWHVZLWKWKH3&E\VHQGLQJDQGUHFHLYLQJVWDQGDUGL]HGGDWDSDFNHWWKURXJK8$577KHEDVLF
GDWDSDFNHWFRQVLVWVRI6WDUW%\WHV,'/HQJWK'DWDVDQG&KHFNVXP7DEOHVKRZVWKHFRPPXQLFDWLRQSURWRFROEHWZHHQ
ODSWRS3&DQG$UGXLQR0HJD$UGXLQR0HJDZLOO VHQG DGDWDSDFNHW FRQVLVW RI WKH0LFURVYDOXH(QFRGHU UHDGLQJ DQG
0RWRU3:0WR3&WREHGLVSOD\HGRQWKH+DSWLF.QRE*8,HYHU\PV&RQYHUVHO\GDWDSDFNHWIURP3&WR$UGXLQR0HJD
FRQVLVWRIDOO WKH9LUWXDO5HDOLW\6HWXSYDULDEOHV IRU WKH0RWRU&RQWUROSURFHVVLQJ7KLVGDWDSDFNHW IURP3&WR$UGXLQR
0HJDLVVHQWZKHQHYHUDQ\RIWKHVH9LUWXDO5HDOLW\6HWXSYDULDEOHVLVFKDQJHGXQGHUWKH*8,

7DEOH&RPXQLFDWLRQEHWZHHQODSWRS3&DQG$UGXLQR0HJDSURWRFRO

6WDUW%\WHV ,' /HQJWK 'DWDV &KHFNVXP
7ZR[))DVWKHVWDUW
E\WH
,'IRUWKH
UHFHLSLHQW
/HQJWKRIWKH'DWDV
&KHFNVXP 'DWDV
&KHFNVXPE\WHIRUWKH
YHULILFDWLRQ


D E 

)LJD+DSWLF.QRE*8,GHVFULSWLRQ3DUW,DQGE+DSWLF.QRE*8,GHVFULSWLRQ3DUW,,

*8,'DWD/RJJLQJ

)LJEVKRZVWKHGDWDORJJLQJIRU+DSWLF.QRE*8,7KH6WDUW/RJDQG6WRS/RJEXWWRQVFRQWUROVWKHVWDUWDQGVWRSRI
WKHGDWDORJJLQJDQGWKHORJJHGGDWDZLOOEHOLVWHGRXWRQWKH*8,7KHGDWDORJJLQJRIWKH*8,ZLOODXWRPDWLFDOO\ORJDW
HDFKLQFRPLQJGDWDIURP$UGXLQR0HJDHYHU\PV7KHORJJHGGDWDIRUWKH+DSWLF.QREDUH0LFURWLPHLQPLOLVHFRQG
(QFRGHUYDOXHDQG3:0YDOXH
5HVXOWV
7KHGHYHORSHGKDSWLFNQREVXSSRUWVW\SHVRIYLUWXDOUHDOLW\VHWXSYDULDEOHVZKLFKDUH:HLJKW/HYHU:DOO7KLFNQHVV
DQG 0DJQHWV FRQILJXUDWLRQV 7KH PRWRU FRQWURO SURFHVVLQJ E\ $UGXLQR 0HJD ZLOO FKDQJH WKH UHVSRQVH RI WKH NQRE
DFFRUGLQJWRWKHYDOXHVJLYHQWRWKHVHVHWXSYDULDEOHV7KHPRWRUL]HGNQRESURYLGHVKDSWLFIHHGEDFNWRXVHU)RUH[DPSOHLI
FROOLVLRQKDSSHQVEHWZHHQWKHZDOODQGWKHZHLJKWXVHUZLOOIHHOWKDWWKHNQRELVEHLQJEORFNHGRUVWRSSHGDVLIWKHUHLVD
UHDO ZDOO SUHYHQWLQJ WKH ZHLJKW IURPPRYLQJ IXUWKHU WR WKH FROOLVLRQ VLGH $ KLJKHU YDOXH IRU:HLJKW RU /HYHU JLYHV D
KHDYLHU IHHOLQJ WR WKHNQREDV LIDKHDYLHUZHLJKWKDVEHHQ WLHG WR WKHNQREDQGXVHUZLOOKDYH WKH IHHOLQJRI OLIWLQJ WKLV
KHDYLHUZHLJKWDWWDFKHGWRWKHNQRE)RUWKH0DJQHWVFRQILJXUDWLRQVXVHUZLOOIHHODVLIDPDJQHWDWWUDFWVWKHKDSWLFNQREWR
DSDUWLFXODUDQJOHRUUHSHOWKHKDSWLFNQREDWDFHUWDLQDQJOH7KLVGHVLJQKDVEHHQDEOHWRSURYLGHUHDOLVWLFKDSWLFVHQVDWLRQ
DOWKRXJKPRUHV\VWHPDWLFDQGWKRURXJKH[SHULPHQWVDUHUHTXLUHGWRTXDQWLI\WKHTXDOLW\RIWKHKDSWLFIHHGEDFNDQGWRYDU\
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WKHKDSWLFVHQVDWLRQSURYLGHGE\WKHV\VWHP+RZHYHUWKHVHW\SHRIYLUWXDOUHDOLW\PHWKRGZHLJKWZDOODQGPDJQHWDUH
QRWIRUUHKDELOLWDWLRQSXUSRVHWKLVYLUWXDOUHDOLW\VHWXSLVIRUFRQWUROVWXG\VLQFHWKLVSURMHFWVWLOORQJRLQJ7KHQH[WVWHSRI
WKLVSURMHFWLVWRGHYHORSQHZYLUWXDOUHDOLW\VHWXSVIRUUHKDELOLWDWLRQSXUSRVHDQGFRQGXFWLQJVHYHUDOH[SHULPHQWVEDVHGRQ
UHDOVWURNHSDWLHQWWRYDOLGDWHWKLVGHYLFH
&RQFOXVLRQ
7KLVSDSHU GHVFULEHV WKHGHVLJQ DQGGHYHORSPHQW RI D ORZFRVW KDSWLF NQREZKLFK LV WKH DOWHUDWLYH UHTXLUHG IRU KRPH
WKHUDS\7KHHVWLPDWHGKDUGZDUHFRVWIRUWKLVSURMHFWLV86'FRPSDUHWRWKHFRPPHUFLDOL]HG$UPHRDUPH[RVNHOHWRQ
GHYLFH KDV D FRVW DSSUR[LPDWH  86' >@ $GGLWLRQDOO\ VDPSOH PRGXOHV DQG GDWD ORJJLQJ IRU WKLV V\VWHP DUH
SUHVHQWHG7KHPDLQ FRQWULEXWLRQ LQ WKH GHVLJQ LV WKH XVH RI DPLFURFRQWUROOHU WR SURYLGH UHDO WLPH FRQWURO DW +] WR
JHQHUDWH UHDOLVWLFKDSWLF VHQVDWLRQ7KHFKRLFHRIKDUGZDUH LQFOXGLQJPRWRUDQGFRQWUROOHUEULQJGRZQ WKHFRVWDQGVL]H
VXEVWDQWLDOO\DVFRPSDUHGWRRWKHUDYDLODEOHV\VWHPVWKDWWUDLQKDQGSURQDWLRQDQGVXSLQDWLRQ+RZHYHUDVOLJKWGUDZEDFNLV
WKHLQFRQYHQLHQFHDVVRFLDWHGZLWKSURJUDPPLQJVRSKLVWLFDWHGFRQWURODOJRULWKPVRQDPLFURFRQWUROOHU

$FNQRZOHGJPHQW

7KLVSURMHFWLVIXQGHGE\WKH8QLYHUVLWL7HNQRORJL0DOD\VLD5HVHDUFKJUDQW-

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